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a b s t r a c t 

We review the use of telemedicine in glaucoma and its possible roles in the COVID-19 out- 

break. We performed a literature search of published human studies on teleglaucoma on 

May 12, 2020, using search terms including “telemedicine” and “glaucoma” that were in En- 

glish and published over the prior 10 years. This search strategy yielded a total of 14 relevant 

articles after manual curation. Of the 14 articles, 4 were from the same randomized control 

trial, 7 were prospective studies, 2 were retrospective studies, 1 was descriptive analysis, and 

1 was cost-effective analysis. Seven discussed the common ophthalmologic measurements 

used in teleglaucoma. Four demonstrated the cost effectiveness of the use of teleglaucoma, 

and 3 articles investigated patient satisfaction with the use of teleglaucoma. Three articles 

investigated the correlation between teleglaucoma and face-to-face clinics. Five articles dis- 

cussed the current use and opportunities of teleglaucoma. 

When compared to in-person care, teleglaucoma is more time and cost-effective, shows 

high patient satisfaction and fair to good agreement with in-person care; however, there is 

great variation in the reported sensitivity of glaucoma screening, warranting further studies 

to establish its efficacy. For glaucoma management, both the sensitivity and specificity must 

be further improved before it could be put into extensive use. Nevertheless, it is worthwhile 

to explore the possible extensive application of teleglaucoma in monitoring “glaucoma sus- 

pects” and maintaining glaucoma follow-up during a pandemic outbreak to reduce the risk 

of transmission of infection. 

© 2021 Elsevier Inc. All rights reserved.. 

 

 

 

 

 

 

1. Introduction 

Glaucoma, a major cause of irreversible blindness
( 2 ,5 ,6 ,12 ,19 ,20 ,31 ,35 ), is estimated to affect more than 60
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million people, accounting for about 3 million cases of blind-
ness worldwide ( 3 ,23 ,25 ,29 ,30 ). Patients with glaucoma have
optic neuropathy characterized by progressive degeneration
( 35 ). About half of the patients are unaware of their illness ( 3 ).
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Teleglaucoma refers to the use of telemedicine for glau-
coma ( 21 ). Teleglaucoma is generally conducted in a remote
center where various ophthalmologic measurements are car-
ried out by trained technicians or nurses to assess a patient’s
glaucoma status. The measurement results are then be sent
to glaucoma specialists electronically to allow them to make
a clinical decision ( 28 ). Teleglaucoma has 2 forms - glaucoma
screening and glaucoma management. Teleglaucoma screen-
ing refers to the use of telemedicine to screen high risk indi-
viduals and assist ophthalmologists in diagnosing glaucoma.
After the screening, newly diagnosed glaucoma patients could
either be further evaluated with telemedicine, or they could be
referred for in-person care. Early detection of glaucoma with
adequate follow up can reduce the chance of vision loss ( 14 );
however, the use of teleglaucoma is still in its initial stages,
although teleglaucoma has been used as a screening tool in
countries such as Canada and the United States and has been
shown to reduce the screening time and costs per patient
( 20 ,27 ). The second form of teleglaucoma is glaucoma man-
agement that enables frequent monitoring of glaucoma pro-
gression in existing patients. Teleglaucoma may be benefi-
cial for ophthalmologists to assess in treatment compliance
and to monitor clinical parameters such as intraocular pres-
sure. Studies of teleglaucoma management conducted in the
United Kingdom and Alberta, Canada, have shown teleglau-
coma can potentially improve the efficacy of glaucoma fol-
low up ( 3 ,9 ,27 ). It may also be able to enhance the patient-
physician relationship through streamlining patients’ follow
up experience and shortening visit time ( 18 ). We summarize
the currentevidence for the use of teleglaucoma, mainly fo-
cusing on the cost effectiveness, safety, and patient satisfac-
tion. We also discuss future opportunities and the possible
role of teleglaucoma in maintaining regular patient follow-up
during the time of a pandemic such as the COVID-19 outbreak.

2. Results 

The search strategy yielded a total of 14 relevant articles after
manual curation ( Table 1 ). Out of the 14 articles, 4 were from
the same randomized control trial, 6 were prospective stud-
ies, 2 were retrospective studies, 1 was descriptive analysis,
and 1 was a cost-effectiveness analysis. Two articles focused
on glaucoma screening, whereas 9 were related to glaucoma
management. The remaining 3 studies covered both glau-
coma screening and management. Seven articles discussed
the common ophthalmologic measurements used in teleglau-
coma ( 3 ,9 ,14 ,20 ,22 ,27 ,32 ). Four demonstrated the cost effec-
tiveness of the use of teleglaucoma ( 3 ,15 ,27 ,33 ). Three in-
vestigated patient satisfaction after the use of teleglaucoma
( 3 ,9 ,14 ). Three investigated the agreement between teleglau-
coma and face-to-face care ( 3 ,13 ,22 ). Five discussed current
use and future opportunities of teleglaucoma ( 20 ,27 ,32 ,34 ,36 ). 

3. Common ophthalmologic measurements 

used in teleglaucoma 

A total of 7 studies discussed the types of ophthalmologic
measurements they used in teleglaucoma ( 3 ,9 ,14 ,20 ,22 ,27 ,32 ).
Common measurements included the examination of fun-
dus images ( 3 ,9 ,14 ,20 ,22 ,32 ), automated visual field testing
( 3 ,9 ,20 ,22 ,27 ,32 ), intraocular pressure (IOP) ( 9 ,14 ,20 ,32 ), visual
acuity ( 9 ,14 ,32 ), and questionnaires on patients’ symptoms
( 9 ,22 ). Slit lamp examination ( 3 ,9 ) and corneal thickness ( 20 ,27 )
were also used in either teleglaucoma screening or manage-
ment in some of the studies. Optical coherence tomography
(OCT) proved helpful in teleglaucoma screening and manage-
ment ( 3 ,27 ). The study by Arora and coworkers also used the
Pentacam for anterior segment imaging ( 3 ), whereas refractive
status was included in the study by Staffieri and coworkers.
( 32 ) The above summary suggested that measurements that
are more machine-dependent (i.e., visual field testing and IOP)
are more commonly used in teleglaucoma. We believe that
machines that are less operator dependent should give more
objective results even when they are operated by less experi-
enced personnel than ophthalmologists in a remote site. 

The Philadelphia Telemedicine Glaucoma Detection Study
emphasized the importance of intraocular pressure (IOP) mea-
surement in teleglaucoma settings ( 16 ). During the first visit
of the study, the IOP level was associated with both suspi-
cious ( P = 0.043) and nonsuspicious optic nerve head findings
( P < 0 .001). Furthermore, for patients with both suspicious op-
tic nerve head findings and elevated IOP ( > 21 mm Hg) at the
first visit, the odds ratio for being diagnosed with glaucoma at
the second visit was 4.48 (95% CI, 1.50–13.93; P = 0.007), when
compared to patients with neither suspicious nerve findings
nor elevated IOP at screening. For patients with suspicious
nerve findings, but normal IOP ( < 21 mm Hg), the odds of a
glaucoma diagnosis at the second visit were only 2.04 (95%
CI, 0.83–5.53; P = 0.152) ( 16 ). This suggested that abnormal op-
tic disc findings on fundus images alone were not adequate to
predict glaucoma occurrence. Inclusion of IOP measurement
improved diagnostic accuracy. 

3.1. Cost effectiveness 

The cost effectiveness of glaucoma consultation can be ana-
lyzed based on both time cost and money cost. Four of the ar-
ticles commented on the cost effectiveness of teleglaucoma.
The Philadelphia Telemedicine Glaucoma Detection mainly
investigated the money cost of screening ( 15 ), whereas the
cost-effectiveness analysis by Thomas and coworkers indi-
cated that teleglaucoma is more cost effective as a screen-
ing tool for glaucoma ( 33 ). Arora and coworkers and Rathi and
coworkers focused on time cost analysis and concluded that
teleglaucoma was less time consuming than in-person visits.
( 3 ,27 ); 

3.1.1. Teleglaucoma for screening 
Cost analyses of the Philadelphia Telemedicine Glaucoma De-
tection Study have justified the cost effectiveness of teleglau-
coma in glaucoma screening ( 15 ). The Philadelphia Study
mainly conducted glaucoma screening with IOP measurement
and funduscopic images on high risk individuals according
to their ethnicities (mainly African Americans, Asians, His-
panics) or those with a positive family history of glaucoma.
This screening method only incurred an average overall cost of
USD$9.77 per participant, with a 23.7-minute mean visit time.

https://doi.org/10.1016/j.survophthal.2021.03.008
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Table 1 – Summary of selected relevant studies for teleglaucoma 

Study Study design Number of Study aim Uses of Significant findings 
patients teleglaucoma 

Arora et al. 
(2014) (3) 

prospective 
comparative 
study 

131 To investigate the cycle time and 
access time between 
teleglaucoma and in person 
glaucoma care 

Glaucoma 
manage- 
ment 

Teleglaucoma is a more efficient way 
of managing patients with early 
stage glaucoma when compared 
with in person assessment 

Clarke et al. 
(2017) (9) 

prospective 
study 

204 To investigate the agreement in 
determination of glaucoma 
status made in a virtual 
glaucoma clinic and face to 
face consultation 

Glaucoma 
manage- 
ment 

Virtual glaucoma clinic is a safe 
option and viable option for 
selective patients with glaucoma 
because of the low incidence of 
adverse misclassification and the 
slowly progressive nature of 
glaucoma 

Gupta et al. 
(2013) (13) 

Prospective study 247 To compare the use of 
teleophthalmology using 
indigenous equipment, 
compared to the clinical 
assessment in terms of the 
level of agreement and 
sensitivity and specificity of 
diagnosis and management 
different eye diseases 

Glaucoma 
screening 
and man- 
agement 

Teleophthalmology was found to be 
effective in diagnosis and 
management decision of various 
eye diseases. 

Hark et al. 
(2017) (15) 

prospective, RCT 906 To discuss the screening results 
from the Philadelphia 
telemedicine glaucoma 
detection and follow up study 

Glaucoma 
screening 

Telemedicine screening intervention 
in primary care can be able to 
detect high rate of suspicious 
optic nerves, retinal diseases and 
ocular hypertension. 

Hark et al. 
(2019) (16) 

prospective 
study 

902 To examine the use of IOP 
measurement, used in addition 
to nonmydriatic fundus 
photography in glaucoma 
telemedicine screening 

Glaucoma 
screening 

Telemedicine vision screening 
programs with IOP measurement 
in high-risk populations is 
applicable. 

Hark, Acito 
et al. (2018) 
(14) 

prospective, RCT 184 To examine the use of tele 
medicine for the detection of 
glaucoma and other eye 
diseases in primary care clinics 

Glaucoma 
screening 

Telemedicine was found to be useful 
in early detection of glaucoma and 
other ocular pathology 

Hark Myers 
et al. (2018) 
(17) 

prospective RCT 906 To discover determinants of 
unreadable fundus images in 
the Philadelphia Telemedicine 
Glaucoma Detection and 
Follow-up Study 

Glaucoma 
screening 

Understanding the causes of 
unreadable fundus images is likely 
to optimize the predictive 
accuracy, efficiency, and cost in 
ophthalmology in telemedicine 

Kassam et al. 
(2013) (21) 

Prospective study 257 To evaluate the use of 
teleglaucoma in the University 
of Alberta in 2011 

Glaucoma 
screening 
and man- 
agement 

The use of teleglaucoma is able to 
improve the diagnosis and 
management of glaucoma in 
industrialized and developing 
countries. 

Kiage et al. 
(2013) (22) 

prospective 
study 

309 To compare a web-based 
teleglaucoma assessment with 
clinical slit lamp examination 
for the glaucoma screening 
among diabetics in a rural 
African district. 

Glaucoma 
screening 

Agreement between the ability to 
diagnose glaucoma using 
teleglaucoma when compared to 
clinical slit lamp examination was 
found to be moderate 

Rathi et al. 
(2017) (27) 

descriptive 
analysis 

N/A To describe the use of 
teleophthalmology in the 
hospital and outpatient 
settings 

Glaucoma 
screening 
and man- 
agement 

Ophthalmic telemedicine in the 
United States is in its developing 
phase but may be able to improve 
compliance to evidence-based 
protocols. 

( continued on next page ) 
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Table 1 ( continued ) 

Study Study design Number of Study aim Uses of Significant findings 
patients teleglaucoma 

Staffieri et al. 
(2011) (32) 

prospective 
study 

133 To evaluate the use of a 
telemedicine model in terms 
of decreasing glaucoma 
blindness through the early 
detection of undiagnosed 
glaucoma in high-risk 
individuals 

Glaucoma 
screening 

Telemedicine is an efficient way for 
screening, grading, and showing 
participants of examination 
results 

Thomas et al. 
(2015) (33) 

cost- 
effectiveness 
analysis 

Population 
in rural 
Canada 
(exact 
number 
not 
specified) 

To measure the cost 
effectiveness of teleglaucoma 
rural Canada 

Glaucoma 
screening 

Teleglaucoma allows better access 
to ophthalmic care and improves 
healthcare efficiency, specifically 
in rural areas. It also improve cost 
benefits. 

Verma et al. 
(2014) (34) 

Retrospective 
study 

247 To evaluate the diagnostic 
outcomes and referral 
pathways of patients 
participated in a collaborative 
care patient centred 
teleglaucoma program 

Glaucoma 
screening 

Most patients did not require 
in-person consultation and can be 
managed by distance 
collaboration. Further 
investigations in the cost 
effectiveness for the program is 
needed 

Wright et al. 
(2015) (36) 

Retrospective 
study 

24257 To determine the significance of 
specialist supervision in a new 

model of glaucoma service 
delivery 

Glaucoma 
screening 

Virtual review of glaucoma can 
reduce the chance of patients 
treated unnecessarily and reduce 
the demand for glaucoma 
appoints. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

More than 50% of overall costs were for the fundus photog-
raphy, with an average cost of $4.96 and an average time of
12.2 minutes per patient. Despite the low screening cost, it
yielded reasonably good results from the 906 patients, with
258 (25.8%) having a suspicious optic nerve appearance, 62
(6.8%) diagnosed with ocular hypertension, 102 (11.3%) with
diabetic retinopathy and 68 (7.5%) with other retinal abnor-
malities. 

Thomas and coworkers’ analysis further reaffirmed the
cost-effectiveness of teleglaucoma for screening. ( 33 ) They
calculated the cost effectiveness based on 3 major areas of ex-
pediture (human resources, information technology, and diag-
nostic equipment) and effectiveness based on quality of life
improvement. Teleglaucoma was demonstrated to be more
cost effective than in-person care for detecting glaucoma.
When compared to no glaucoma screening, teleglaucoma had
an incremental cost-effectiveness ratio (ICER) of $47.60/qual-
ity adjusted life year (QALY). In other words, spending an ad-
ditional $47.60 in teleglaucoma for each patient will give an
additional QALY. Its cost-effectiveness was higher when com-
pared to $244.05/QALY in in-person glaucoma detection. 

Thomas and coworkers also performed a Markov Proba-
bility Analysis demonstrating that the 30-year overall risk of
glaucoma development and the risk of developing moderate
glaucoma remain relatively the same in teleglaucoma when
compared to in-person care, but teleglaucoma was able to pre-
vent 24% more cases of glaucoma-related blindness after 30
years. For patients who were screened positive by teleglau-
coma, the total reward was 15.7 QALYs, 1.1 less than re-
wards from in-person care. However, the per-patient cumula-
tive cost for in-person care was significantly higher (by almost
3.5 times) than that of teleglaucoma after 30 years. Judging
from the 30-year ICER, teleglaucoma was more cost-effective
than in-person care with an ICER of-$27,460 per QALY per pa-
tient. ( 33 ) This suggested that the long-term implementation
of teleglaucoma screening can save considerable cost whereas
providing similar benefits to patients at risk of developing
glaucoma. The 30-year cost-effectiveness analysis by Thomas
and coworkers is, however, just a simulated model that may
not accurately reflect drawbacks of teleglaucoma such as lo-
gistic difficulties and possible misdiagnosis. 

3.1.2. Teleglaucoma for disease management 
We are unable to identify articles that discussed the cost-
effectiveness of glaucoma management; however, we identi-
fied an article which evaluated the time effectiveness of tele-
galucoma management. 

In the study by Arora and coworkers, patients with early-
stage glaucoma were either managed by teleglaucoma or in-
person care. The mean access time (as defined as the duration
from optometrists’ date of referral to the date of diagnostic
testing for glaucoma) was 45 ± 22 days in the teleglaucoma
group, significantly lower than 88 ± 47 days in the in-person
assessment group ( P < 0 .0001). ( 3 ) The same study also mea-
sured the time to the third next appointment (TNA). TNA was
chosen as it was believed to better reflect system availabil-
ity than the first or second appointment. In the teleglaucoma
group the time to the TNA was significantly shorter (53 ± 12
days) when compared with that of the in-person pathway (192
± 41 days) ( P < 0 .0001). Regarding the cycle time (as defined as

https://doi.org/10.1016/j.survophthal.2021.03.008
https://www-sciencedirect-com.eproxy.lib.hku.hk/topics/medicine-and-dentistry/diabetic-retinopathy
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the time used in consultation, from registration until depar-
ture), teleglaucoma group was also shorter (78 ± 20 minutes)
than the in-person group (115 ± 44 minutes). Interestingly,
only 19 ± 13% of the cycle time was waiting time for patients
seen through teleglaucoma, when compared to 41 ± 24% for
in-person assessments ( P < 0 .01). Therefore, it suggests that
the patient’s time can be better utilized when they are seen
with teleglaucoma, and more timely management could be ar-
ranged for them. 

4. Patient satisfaction 

Patient satisfaction for teleglaucoma was addressed in 3 ar-
ticles, and the overall comment was positive. ( 3 ,9 ,14 ) Aroroa
and coworkers reported a mean satisfaction score of 4.67 ±
0.5 (out of 5) regarding the model and quality of teleglaucoma
services they received ( 3 ). Similar positive responses were ob-
served in the Philadelphia Study, with 82.2% and 85.4% of pa-
tients in 2 centers believing that the screening location for
glaucoma to be very convenient ( 9 ). 97.8% and 94.9% of pa-
tients in these 2 centers claimed that they were very likely to
return to the same location for future eye care visits. 100% of
the patients were either satisfied or very satisfied with the eye
screening, with 85% saying that they would recommend the
eye-screening program to a friend or family member. ( 14 ) 

5. Agreement between teleglaucoma and 

in-person care 

Three studies have investigated the agreement between
teleglaucoma and in-person care ( 9 ,13 ,22 ). 

5.1. Teleglaucoma for screening 

In Kiage and coworker’s study, slit lamp examination was
performed by comprehensive ophthalmologists, whereas
teleglaucoma assessment was done by glaucoma specialists
on 309 patients ( 22 ). The study investigated the Cohen’s k
score agreement of vertical cup disc ratio between teleglau-
coma analysis and slit lamp examination. The agreement be-
tween the 2 examinations was moderate, 0.55. For focal glau-
coma damage, the agreement between the 2 groups in terms
of notching, peripapillary atrophy and disc hemorrhage was
found to be fair (0.31, 0.24, and 0.25 respectively). The diag-
nostic precision of frequency doubling technology (FDT) to
detect glaucoma in patients with glaucomatous disc damage
was found to be in substantial agreement (0.84) ( 22 ). Another
study performed by Gupta and coworkers demonstrated that
the agreement between teleophthalmology and in clinic as-
sessment was moderate for the diagnosis of glaucoma. The k
value for glaucoma diagnosis was found to be 0.52 ( 13 ). 

5.2. Teleglaucoma for management 

Clarke and coworkers compared both interobserver and in-
traobserver agreement in clinical decisions of glaucoma status
in face-to-face consultation versus teleglaucoma ( 9 ). Patients
with poor mobility, poor visual field, or poor quality optic disc
imaging were excluded. The k statistic for interobserver agree-
ment was found to be 0.320 among both senior trainees and
consultants when comparing face-to-face with virtual assess-
ment, which is a fair agreement. For the interobserver agree-
ment between consultants, the results showed a moderate
agreement between face to face and virtual clinic (k statistic
0.406). For Intraobserver agreement, the agreement was found
to be 0.274 for consultant and 0.264 for fellow trainees; how-
ever, 7 unstable patients were misclassified as stable by virtual
review. This resulted in adverse disagreement, accounted for
3.4% ( 9 ). For the study performed by Gupta and coworkers, a
moderate level of agreement in terms of management deci-
sions was achieved, which a k value of 0.53 ( 13 ). 

6. Specificity and sensitivity for teleglaucoma 

versus in-person clinic 

6.1. Teleglaucoma for screening 

Two studies demonstrated the sensitivity and specificity of
the use of teleglaucoma for glaucoma detection. Gupta and
coworkers showed the sensitivity and specificity of teleoph-
thalmology for glaucoma diagnosis were 72.1 and 81.82, re-
spectively ( 13 ). The study performed by Kiage and coworkers
demonstrated the sensitivity and specificity for the diagno-
sis of glaucoma by teleglaucoma when compared to clinical
examination, was 41.3% and 77.5%, respectively ( 22 ). It also
showed that the positive predictive value and negative pred-
icative value were 77.5% and 82.2% respectively. Both studies
showed that the specificity is fair at around 80%, but the sen-
sitivity for diagnosis of glaucoma is variable. 

6.2. Teleglaucoma for management 

Gupta and coworkers showed the sensitivity and specificity
for teleophthalmology for glaucoma management decisions
were 79.08 and 77, respectively. ( 13 ) Clarke and coworkers
demonstrated that the sensitivity and specificity of virtual
clinics for glaucoma remote virtual clinic decisions and clini-
cal management decisions performed by consultants and se-
nior trainees were 50% and 91.6%, respectively. ( 9 ) The sensi-
tivity and specificity between virtual clinic decisions and clin-
ical management decisions performed by consultants only
were found to have a better result for sensitivity, 75% and
89.1%, respectively. A total of 3.4% of patients with glaucoma
progression identified in an in-person clinic were misdiag-
nosed as stable in a virtual clinic. The 2 studies showed that
teleglaucoma seems to have a fair specificity in assessing dis-
ease condition and progression, but the sensitivity was ques-
tionable. 

Two patients with advanced visual field loss were found to
have significant disagreement between face to face clinic and
virtual clinic. ( 9 ) They were classified as significant misclas-
sification events for virtual clinic, accounted for 1.9% of the
cases. Trabeculectomy bleb leak, nonsight threatening ante-
rior segment disorders could not be identified in the virtual
clinic. 

Clarke and coworkers also suggested that, with the low rate
of significant misclassification, the slowly progressing nature

https://doi.org/10.1016/j.survophthal.2021.03.008
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of most glaucoma, and regular reassessment virtual clinics are
a safe option for selected patients or glaucoma follow-up ( 9 ). 

7. Current use and opportunities of 
teleglaucoma 

Telemedicine in ophthalmology is now at its initial stage and
not yet widely accepted as standard glaucoma management
( 27 ). Teleglaucoma has been used as a screening tool or for
follow up in some parts of the world such as Alberta, Canada
( 34 ). The majority of telescreening of glaucoma includes using
portable or handheld cameras for optic nerve photographs.
Some other tools such as tonometers may be able to improve
the accuracy of teleglaucoma diagnosis. The study by Kassam
and coworkers described teleglaucoma use as a screening tool
at Aga Khan University Hospital in Nairobi using mobile units
equipped with a fundus camera and visual field machine.
The study also suggested that teleglaucoma could improve
the diagnosis and management of glaucoma in industrialized
and developing countries ( 20 ). Staffieri and coworkers rec-
ommended that telemedicine can be used for screening for
glaucoma in targeted patients with first degree relatives with
primary open-angle glaucoma and increases the chances
of identifing individuals with high risk of glaucoma or un-
diagnosed glaucoma. ( 32 ) It can also be used to reduce the
chances of patients treated or followed up unnecessarily and
decrease the demand for glaucoma appointments ( 36 ). 

8. Challenges and limitations of teleglaucoma 

First of all, from the ophthalmologist’s perspective, the infor-
mation provided during teleconsultation was highly variable
( 20 ). In conventional in-person consultation, this problem is
less relevant as the glaucoma specialist can collect the infor-
mation he/she wants by directly asking or examining the pa-
tients. With teleglaucoma, the diagnosis made by glaucoma
specialists is entirely dependent on the information provided
by the referrers. This is affected by the clinical skills of the re-
ferrers and the quality of diagnostic equipment in local cen-
ters. This problem was also mentioned by Shaw as 59% of oph-
thalmologists had “low confidence” in their ability to make
clinical decisions solely based on ophthalmic images.( 13 ) 

In addition, the development of teleglaucoma may be lim-
ited by technical factors, including the bandwidth and stor-
age of telecommunication devices. This makes the practice of
teleglaucoma very difficult in developing countries. The high
cost of ophthalmic imaging equipment and other hardware
is another limiting factor as a retinal camera can cost over
USD$10,000. 

Moreover, practicing teleglaucoma in the community set-
ting requires the primary care clinics to perform additional
tasks to ensure patient compliance with recommendations
from glaucoma specialists. ( 27 ) This may pose additional pres-
sure to primary care units and affect treatment efficacy owing
to less frequent follow-up to specialist clinics. 
 

9. Discussion 

As shown in various studies ( 3 ,15 ,27 ,33 ), teleglaucoma can
significantly reduce the time and money costs of glaucoma
consultation and requires less monetary cost for each QALY
gained in both short-term and long-term analyses. Teleglau-
coma management, however, was found to be variable, with
suboptimal specificity and sensitivity. Clarke and coworkers
found an unacceptably low sensitivity of only 50% between
virtual clinic decisions and clinical management decisions
performed by senior trainees and consultants. ( 9 ) When
performed by consultants only there was a much better
sensitivity of 75%, but similar specificity of 89.1%. Ideally
the sensitivity for screening should be as high as possible,
and a sensitivity of 41% would be too low for teleglaucoma
to be implemented for screening. The sensitivity for the
screening should be high even with relatively simple tests.
Although expensive equipment may increase sensitivity and
specificity, this would not be cost effective. Another way of
improving sensitivity is only performing the screening test
in high-risk populations, such as those with known family
history of glaucoma, elderly patients, those with a history of
pseudoexfoliation, chronic steroid use, and high IOP. 

As glaucoma is a disease that results in damage to optic
nerve and irreversible blindness, better specificity and sensi-
tivity should be ensured when using teleglaucoma for disease
management. Methods to improve the specificity and sensi-
tivity of teleglaucoma for management should be explored
to enhance safety. In order to apply teleglaucoma to disease
management, measures may include examination of fundus
images, visual field testing, intraocular pressure, visual acuity,
corneal thickness, OCT, slit lamp examination and question-
naires on patient symptoms. It should be noted that tele-slit
lamp examination may have a higher chance of error as skill
is required for good quality examinations. The problem of low
sensitivity might be mitigated by employing experienced oph-
thalmologists. Clarke and coworkers ( 9 ) demonstrated that ex-
perienced ophthalmologists have better agreement between
teleglaucoma and inpatient clinics. Furthermore, the employ-
ment of devices with higher resolution to image the optic disc
and OCT, or even using artificial intelligence to grade fundus
photographs and OCT, might further improve sensitivity and
specificity. ( 10 ,38 ) These, however, may increase the cost of
teleglaucoma. The cost of improving sensitivity and specificity
should be evaluated by more studies. 

It is important to note that a significant proportion (17.1%)
of patients who underwent teleglaucoma screening had un-
readable fundus images. ( 17 ) This group of patients is advised
to have ophthalmologic investigations as a high proportion
was later diagnosed with different ocular pathologies such as
cataract in the Philadelphia Telemedicine Glaucoma Detec-
tion Study. This also shows that the investigations used in
teleglaucoma programs can also be used for screening and
monitoring of other ocular conditions such as cataract and
macular degeneration. Thus, the benefits of teleglaucoma are
not just limited to better glaucoma outcome, but may also en-
hance the overall ocular health by diagnosing or monitoring
concurrent eye diseases. 

Teleglaucoma mainly serves 2 purposes, namely screening
of high-risk underserved individuals and management of ex-
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isting glaucoma patients. With regard to glaucoma screening,
its role in monitoring ‘glaucoma suspects’ was discussed by
Straffier and coworkers ( 32 ) In general, “glaucoma suspect”
refers to patients with clinical signs consistent with, but
not diagnostic of, glaucoma. These may include increased
cup-disc ratio (CDR), elevated IOP ( > 21 mm Hg), thin corneas,
visual field impairment, and/or ocular hypertension, but with-
out no visual field or retinal nerve fiber layer thinning. This
group of patients usually requires no active treatment, but
regular monitoring is required. Face-to-face consultation may
pose additional disease burden being time consuming and re-
quiring higher consultation fees. The complicated in-person
consultation may also discourage regular follow-up. Straffier
and coworkers pointed out that applying teleglaucoma for
screening of ‘glaucoma suspects’ is more cost effective and
can yield more positive results ( 32 ). Using a glaucoma screen-
ing program, Mitchell and coworkers found that 3–5% of a
population over 40 had glaucoma ( 26 ). Straffier and coworkers
detected glaucoma in 11% of patients in a selected high-risk
population ( 32 ). Our review showed that teleglaucoma is more
cost effective, results in high patient satisfaction, and has
moderate agreement with in-person care if it is conducted by
senior ophthalmologists. It would be worthwhile to explore
the possible application of teleglaucoma for the follow-up
of ‘glaucoma suspects. After the initial screening, newly
diagnosed cases of glaucoma could either undergo further
evaluation with telemedicine or they could be referred to
ophthalmologists for in-person care. The follow-up would be
dependent on the availability of local resource and patient
preference. Regarding glaucoma management, patients with
advanced glaucoma may benefit from teleglaucoma as this
may allow more frequent IOP and visual acuity monitoring.
As a result, ophthalmologists gain a better understanding of
their disease status and more accurately assess the effec-
tiveness of their current glaucoma medication. Teleglaucoma
may also help patients with early glaucoma as their disease
management is often straightforward and does not require
much input from glaucoma specialists. In most countries, the
major expense associated with glaucoma management is the
cost of experienced ophthalmologists. If technology could
replace some of the tedious work of the glaucoma specialists
in looking after glaucoma suspects or patients with early
glaucoma, they could spend more time in managing difficult
cases. Teleglaucoma may be important in more remote areas
where in-person care by glaucoma specialists is not readily
available. 

Almost all of the ocular investigations of the teleglaucoma
programs in these studies were conducted by technicians in
clinics; however, it is important to note that there are even
more convenient forms of teleglaucoma with the emergence
of home tonometry, and fundus photographs and perimetry
on mobile phones. For instance, home tonometer was ap-
proved by FDA for clinical uses in 2017. This user-friendly de-
vice can yield extra information about IOP variability and al-
low more timely assessment of glaucoma progression. More-
over, home testing can significantly reduce the travelling and
waiting time in face-to-face clinics. It is believed that further
development and extensive uses of such devices can facilitate
the monitoring and management of glaucoma patients. Hope-
fully in the future, home tonometry can be made available at
an affordable cost, and play a similar role as continuous blood
glucose monitoring does in diabetic patients 

Disease burden is a major concern when using teleglau-
coma in either screening or management. Teleglaucoma for
screening may increase the disease burden to the society
initially because more individuals with glaucoma would be
picked up and require long-term follow up; however, early di-
agnosis of glaucoma may improve treatment outcome. With
less impaired vision in glaucoma patients, this reduces the
burden to society in the long run. Cost is one of the con-
cerns, but we believe that a person should not be deprived
of the chance to be diagnosed and managed early. We believe
that, although universal screening might not be practical and
beneficial, high risk individuals should be included. Screening
should be targeted to maximize its cost effectiveness, Burr and
coworkers suggest that targeted screening of high-risk groups
such as those with positive family history or black ethnicity
would be more appropriate than population screening. ( 7 ) 

During the COVID-19 outbreak, many nonemergent hos-
pital services are suspended to avoid disease transmission.
( 1 ,4 ,11 ,24 ,37 ). With regard to the possible chances of hu-
man to human transmission, the recent American Academye
of Ophthalmology guidelines recommend outpatient centers
should reduce the number of outpatient consultations days.
( 8 ) Telemedicine may be used to reduce the number of outpa-
tients in clinics and decrease the chance of disease transmis-
sion. In remote regions, glaucoma tests can be performed by
trained technicians in local clinics and sent electronically to
glaucoma specialists. 

Despite various advantages and uses of telemedicine, face-
to-face consultation still is important in glaucoma monitor-
ing. Management of glaucoma requires an integration of test-
ing and patient preference. In-person care is essential espe-
cially for monitoring patients with poor drug compliance and
side effects from glaucoma medications. 

10. Conclusion 

Teleglaucoma is more cost effective than in-person care,
shows high patient satisfaction, and has fair to good agree-
ment with in-person care. Teleglaucoma management may
allow better utilization of resources and while not compro-
mising outcomes. Further studies are required to evaluate the
long term cost-effectiveness of teleglaucoma. The sensitivity
and specificity of teleglaucoma screening and management
needs to be further enhanced before it can be put into ex-
tensive use. Nevertheless, it is worthwhile to explore the ap-
plication of teleglaucoma in monitoring “glaucoma suspects”
and maintaining glaucoma follow-up in selected patients with
mild and stable disease or for those who require frequent
monitoring. 

11. Method of literature search 

11.1. Eligibility criteria 

We searched for human studies published in 10 years, in En-
glish language, which discussed the use of telemedicine in
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glaucoma monitoring and compared the outcomes (in terms
of cost-effectiveness, patient satisfaction, agreement of diag-
nosis, specificity and sensitivity) with traditional in-person
care. 

11.2. Information sources 

The literature search was performed on PubMed by 2 of the
authors (PYL and SCC) on 12 May 2020. 
Fig. 1 – PRISMA flowchart illustratin
11.3. Search strategy 

Search terms used were: (("telemedicine"[MeSH Terms] OR
"telemedicine"[All Fields]) OR "telemedicine s"[All Fields])
AND ((("glaucoma"[MeSH Terms] OR "glaucoma"[All Fields])
OR "glaucomas"[All Fields])). The filters applied included hu-
man studies, 10 years, full text and English language. 

11.4. Study selection 

A total of 81 articles were yielded with the aforementioned
search strategy. Two authors (PYL and SCC) then selected
g selection process of articles 
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the papers independently. Papers were screened for eligibil-
ity by title and, if necessary, by examining the abstract. Only a
few discrepancies in the selections of the 2 authors occurred.
These were discussed and consensus was reached in line with
our search criteria. Figure 1 describes the selection process for
identified studies. 

11.5. Data analysis 

The following information was extracted from the selected
articles independently by the 2 authors: year of publication,
study type, study aim, sample size and overall findings. 
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